Figures Introduction
The weather data described in this document are being collected as part of a U.S. Geological Survey (USGS) study of changes in Shenandoah National Park (SNP) landscape phenology (Jones and Osbourne, 2008) . Phenology is the study of the timing of biological events, such as annual plant flowering and seasonal bird migration. These events are partially driven by changes in temperature and precipitation; therefore, phenology studies how these events may reflect changes in climate. Landscape phenology is the study of changes in biological events over broad areas and assemblages of vegetation.
To study climate-change relations over broad areas (at landscape scale), the timing and amount of annual tree leaf emergence, maximum foliage, and leaf fall for forested areas are of interest.
Changes in land use or disturbances such as defoliation by insects, disease, or fire all affect the composition and amount of tree canopy in a forest. Observing and understanding the complex ways that global or regional-scale climate change combines with these disturbances to affect forest growth patterns and succession is difficult, especially for regions where changes in climate are not the most extreme, such as the mid-latitude forests of the Eastern United States.
The forests of the SNP in the Blue Ridge province of Virginia have been protected from major land-use change for many decades. In addition, the National Park Service (NPS) has recorded the dates and often the location of disturbances such as fires and insect infestations. These factors make the SNP an excellent "laboratory" in which to conduct an experiment.
To better link vegetation changes with climate, weather data are necessary. This report documents weather-station data collection and processing procedures used in the Shenandoah National Park Phenology Project. For more information about the SNP phenological study, read USGS 
Methods

Weather Station Placement
In consultation with NPS authorities, meteorological stations were placed in the SNP at locations selected after considering forest-cover type, the slope of the ground, the direction in which the ground is facing (aspect), and whether there is adequate distance from a trail or historic feature ( fig. 1) 
Weather Variables
The instruments on each of the weather stations measure three variables: air temperature, soil temperature, and relative humidity (RH). At two of the sites (Meadow Spring and Pocosin) wind speed, wind direction, solar radiation, and rainfall are also collected. All observations are recorded on an hourly basis.
Overview of Available Data and Processing Steps
The raw data are downloaded using Campbell Scientific® PC400 Datalogger Support Software® from the weather station data loggers to ASCII file format. These data must be reformatted and "cleaned" before they can be analyzed. Distribution files are in .dat file format. During the Data Cleaning Process and the Data Analysis steps, four workbooks (.xls files) are created for each weather station ( fig. 2) . First, a workbook is created for the Data Cleaning Process, as described in the next section. This workbook must have worksheets for raw and reorganized soil temperature, air temperature, and relative humidity data. The other three workbooks are created after the Data Cleaning Process is completed. There is one workbook for each data type: Soil, Air, and RH. In these workbooks the cleaned weather station data undergo basic analysis, and summary tables are created. The Data Cleaning Process and Data Analysis steps are simplistically represented in figure 2. A detailed flowchart of the data processing steps described within this document can be found in appendix 1. 
Data Processing
Data obtained directly from the five non-automated weather stations in SNP are preprocessed through a provisional Microsoft® Excel® workbook to filter out weather data that may be corrupt or invalid. The Data Cleaning Process takes place in a user-operated database along with a set of instructions to discriminate valid data from invalid data. It is important to note that the process involves some decisionmaking for identifying corrupt and invalid data collected by the weather stations, and user-intervention at this stage affects all data output.
The Data Cleaning Process begins with importing the data. (table 1) and can be pasted in the Excel spreadsheet using the Transpose option in the Paste Special dialog box. First, copy and paste the appropriate header list into a randomly chosen cell in the worksheet other than cell A1. Select the pasted list again to re-copy and Paste Special into cell A1 using the Transpose option. The text will now be horizontal to create the headers for each column. Please note that all temperature data are collected in degrees Celsius and that there are more data columns for the Pocosin and Meadow Spring stations than for the other five stations. This is due to the collection of soil temperature data at two depths and rain gages located at these two stations. or else you will not be able to see your files at their location on the disk. 4. On the 'Text Import Wizard' prompt, make sure that the 'Delimited' radio button is selected and press 'Next'. 5. Under the 'Delimeters' box selection, unselect 'Tab' and then select 'Comma'. Press the 'Finish' button. 6. When asked, select the cell location that you would like the data to begin. For the first dataset of a series, this would logically be cell A2. The rest of these instructions will assume that you have pasted your first dataset into cell A2. Each successive dataset would logically be the next available cell after all existing datasets. You may find that there are more data columns than headers; these data will be removed in the cleaning process. Keep in mind that you do not have to import your data in any particular order, but see the note at the end of this sub-section before proceeding. 7. Press 'OK'. 8. Repeat steps 3-8 for each successive .dat file dataset until all .dat files are entered into the worksheet. Please note: We change the cell colors for each imported dataset as a simple way of visually tracking the origin of the datasets as they move through the procedure. This helps show which records overlap and the origin of errors. However, once the following step (duplicate record deletion) is completed, the origin of data can no longer be tracked this way.
Identify Duplicate Records
1. Select all of your data using the hot-key Ctrl+a (be sure to select all your data every time you 'sort' the data). 3. Click the radio button 'Filter the list, in-place'. 4. Under 'List Range', make sure that all your data are highlighted. 5. Check the box that reads, 'Unique records only', then click OK. 6. Depending on the size of your file, this may take a few minutes to process. Once it is finished, the filtered list will be displayed and the duplicate rows will be hidden. (Keep in mind that those hidden records still exist underneath the filtered display!) In Excel 2007, the duplicate records will have been removed completely after the process has run. 7. Under the Edit pull-down menu on the toolbar, go to 'Office Clipboard'. Make sure that the filtered list is still selected, and click 'copy' under the Edit pull-down menu. 8. Under the Data pull-down menu, click 'Filter' then 'Show All'. 9. Press the Delete key. 10. In the Clipboard on the right of your screen, click on the filtered list item to paste.
Please note: Once this step is complete, imported data can no longer be updated as an external dataset that is linked to the file. Also, the cell colors of the original datasets will be lost. It is best to reset the colors of all cells to 'No fill' at this point.
From this point on, only one variable is to be cleaned at a time. The raw data will stay as is, and the next steps will take place only on a certain data type in a single worksheet for that data type. Each time a data type is cleaned, the RawData worksheet must be copied and renamed, as described in Step 2 below. 4. Select all of the data and sort the data as descending by the same field. After the data have been flipped, repeat step 3. 5. Select all of the data and sort the data as ascending by Soil_Temp_Max. Repeat step 3 and 4. 6. Select all of the data and sort the data as ascending by Soil_Temp_Min. Repeat step 3 and 4. 7. When cleaning the Air Temperature and Relative Humidity data, both the 'min' and 'max' fields need to be examined with the above steps for these variables within their separate worksheets. After all obviously inaccurate readings have been removed, sort the records in ascending order by 'Year', then 'Day', then 'Hour'. Create a date field in the format of mm/dd/yyyy from the Julian date serial number imbedded in the raw data with the following steps:
1. Select the field titled 'Soil_temp_avg' (or Air_temp_max for the Pocosin and Meadow Spring stations). Under the Insert pull-down menu on the toolbar, go to 'Columns'. 2. Repeat step 1 four times so that you now have four new empty column fields. 3. Title the first new column with the heading 'Date_Dummy', the second new column with the heading 'Month', the third with 'Day', and the fourth with 'Date'. 4. Select the 'Date_Dummy' field and format the cell type. Under the Format pull-down menu on the toolbar, go to 'Cells'. Within the 'Format Cells' prompt, under the 'Number' tab, select 'Date' from the 'Category' frame. Select the first option, '3/14/2001' and press the OK button. 5. Select cell E2 and write the following formula: =$C2 and press enter. This should return a value in mm/dd/yyyy format. Evaluate the month and day of this date (do not worry about the year being "1900" right now).
• IF the date returned in cell E2 is before February 28 th , continue to step 6.
• IF the date returned in cell E2 is after February 28 th of a leap year (look at the respective value under the field 'Year'), continue to step 6.
• IF the date returned in E2 is after February 28 th of a perpetual year (a non-leap year), rewrite the formula in cell E2 as the following: =($C2+1), and then continue to step 6. 6. Copy the formula of cell E2 to the clipboard and paste it to each successive cell under the 'Dummy_date' field until either the end of the year is reached or February 28 th is reached (Julian date # 365 or Julian date # 59, respectively). 7. Look at the next available cell under the 'Dummy_date' field and repeat steps 5 and 6 until every record has a 'dummy date' in mm/dd/yyyy format. Each time you need to write a new formula, be sure to substitute the current record number for the number "2" in the formula "=$C2". 8. Select cell F2 (under the 'Month' field) and write the following formula: =MONTH(E2). Copy this cell and paste it to the remaining cells of the field. 9. Select cell G2 (under the 'Day' field) and write the following formula: =DAY(E2). Copy this cell and paste it to the remaining cells of the field. 10. Select cell H2 (under the 'Date' field) and write the following formula: =DATE(B2,F2,G2).
Copy this cell and paste it into the remaining cells of the field. For example, air data are visible within the worksheet for soil data. However, only the fields related to soil data have been cleaned. In this case, all fields related to air data may be erroneous and should not be used for any purpose. Cleaned air data can be found in the air data worksheet. During the process described in the Data Analysis processing stream, only valid data are moved to a new worksheet for further analysis.
Time Series Inconsistencies in the Weather Station Data
It is extremely difficult to keep all weather stations operating at all times in the SNP. They are subjected to harsh conditions in an uncontrolled environment where many incidents may occur, including interferences from wildlife and humans. Because of these conditions, not all instruments on a weather station may be functioning properly at any given time. For this reason, we split the data into three separate variable-type categories to retain logged data for instruments known to be functioning properly and discard data for instruments that are not. Damage to the sensors and data loggers interrupts the continuity of the data stream and results in different temporal extents among the stations (fig. 3) . These 'gaps' in data records are not omissions but are an indication of corrupt and invalid data that have been eliminated in the Data Cleaning Process. 
Data Analysis Processing Stream
Once the data are cleaned, they are then summarized in Excel using Microsoft Visual Basic® code (described in appendix 2) that produce daily and monthly average maximums, max-maximums, average minimums, and min-minimums. The data can then be plotted with these results (fig. 4 ). Please note: macros are executed for each data type and each weather station individually. The following steps describe how to utilize these macros in an Excel workbook: 1. Create an Excel workbook with the following three worksheets: Alldata (as one word), monthly, and daily. 2. Under the Tools pull-down menu (the View tab in Excel 2007) go to Macro, then click 'Macros…' to open the Macro Tool. 3. Name the Macro grabber, then click Create. 4. In Visual Basic, copy and paste the grabber and mo_grabber code from appendix 2 of this document into the module (code) between the text Sub grabber() and End Sub. 5. The only section of the code that needs editing is the 'max_columna' and 'min_columna' values.
This code retrieves the maximum and minimum weather data values from the columns they are in. These columns will be different depending on whether you are working with cleaned air temperature data, soil temperature data, or RH data, as well as depending on which station is being viewed. In order to know what values the 'max_columna' and 'min_columna' need to equal within the code, count the number of columns from the Date (H) column to the maximum and minimum weather data for the grabber macro, and from the Month (F) column for the mo_grabber macro ( fig. 5 ). 6. With cleaned data for one data type that is being summarized in the Alldata worksheet, the macro can be run. After the grabber macro has run successfully the worksheet labeled 'daily' should be populated with daily averages of the weather data. The headers for the 'daily' data are as follows: Date (B2), max (C2), average max (D2), min (E2), average min (F2), n (G2), last max (H2), last min (I2). 7. In order to create the monthly averages, repeat the previous steps with the mo_grabber macro.
For this code, the edits to 'max_columna' and 'min_columna' need to be counted from the month column (F) in the Alldata worksheet. Once the mo_grabber macro is run, the headers for the new 'monthly' data are as follows: month (B2), year (C2), max (D2), average max (E2), min (F2), average min (G2), n (H2). These data can then be plotted and analyzed ( fig. 5 ).
Adding New Weather Station Data to Existing Data
As new data files are collected from the weather stations, they are cleaned and integrated into the data analysis process. The following steps are taken with new .dat files:
1. Open a new Excel workbook and name the first worksheet RawData and add the headers ( obviously inaccurate readings within the data in the Data Processing section of this document. 6. Next, follow the steps to create a date field in the mm/dd/yyyy format from the Julian date serial number. 7. Save the Excel workbook as SitenameMMYY_MMYY (begin and end dates of the data). 8. Once the data are cleaned, they can be copied into their respective Data Analysis workbooks in the Alldata worksheet following the previous data; now the new data have been combined with the previous data. This should be done for all data types: air temp, soil temp, and RH. 9. Re-run macros (grabber and mo_grabber) to create daily and monthly summary tables that include the new data in the daily and monthly worksheets for all data types.
File Naming Conventions
It is important to maintain a consistent file structure. If the weather station data are being processed and analyzed for the Shenandoah National Park Phenology Project, certain file naming conventions need to be applied (table 2). 
